Additional Keyphrase: enzymatic methods

Determination
of serum triglycerides has progressed from totally chemical methods (1, 2) through partly chemicalpartly enzymatic methods in which alkaline saponification is used to hydrolyze the triglycerides followed by an enzymatic determination of the generated glycerol (3), to totally enzymatic methods in which lipases are used for the hydrolysis step (4,5). The totally enzymatic methods currently are widely used because of their inherent simplicity, amenability to automation, and the excellent correlation of results with those by the chemical methods (4 when smaller sample volumes are used in some methods, the Ringbom characteristics (6) may affect the precision of the assay at low triglyceride concentrations, owing to the relatively low absorptivity of the measured analyte, nicotinamide adenine dinucleotide. In addition, from the evidence to be presented here, there is apparently a critical concentration of generated insoluble nonesterified fatty acid "soaps" that may cause light scattering, which in turn may cause an upward deviation in the calibration curve. This upward deviation is especially pronounced when measurement is made at 340 nm, where turbidity effects are quite noticeable. This nonlinear response compromises calculations, especially when automated devices are used that are limited to a reagent blank and one other point of a calibration curve.
We describe here the development and application of a totally enzymatic triglyceride procedure that allows the measurement of triglycerides in undiluted serum in concentrations up to at least 10 g/L. The reaction sequence is similar to others described previously (4, 5) up to the point where L-a-glycerophosphate oxidase catalyzes the generation of hydrogen peroxide from glycerol 3-phosphate. The hydrogen peroxide is then used in a peroxidase-catalyzed reaction to couple 4-aminoantipyrine and sodium 2-hydroxy-3,5-dichlorobenzenesulfonate to form a red quinonimine chromophoric compound with a maximum absorbance at 510 nm. This indicator reaction has previously been used in sensitive methods for determination of the other major lipid classes such as cholesterol (7) and choline-containing phospholipids (8) in the high-density lipoprotein fraction of serum, as well as lecithin in amniotic fluid (9), uric acid in serum and urine (10), and cholinesterase activity in serum (11) .
The use of L-a-glycerophosphate oxidase in an enzymelinked system for the measurement of triglycerides was first reported for "dry-ifim" technologies (12). More recently, Wako Pure Chemical Industries, Ltd., has marketed a triglycerides kit (13) 
08869.
Unless stated otherwise, all chemicals were reagent grade.
Reagents.
The triglyceride reagent was prepared in Tris HC1 buffer (50 mmolJL, pH 7.6) to contain per liter, 0.1 g of Triton X-100, 1 mmol of AAP, 1.5 mmol of sodium 2-hydroxy-3,5-dichlorobenzenesulfonate, 5 mmol of MgCl2, 0.5 mmol of ATP, 10 kU of POD, 4 kU of GPO, 0.25 kU of GK, and 100 kU of lipase. This reagent is stable for 24 h at 4#{176}C.
Standards
were prepared from glycerol in de-ionized water.
Samples.
All specimens used in this report were freshly (within 24 h of drawing) discarded samples obtained from the chemistry laboratories of Detroit Receiving Hospitall University Health Center.
Procedure. Dilute over-range samples with a 9.0 g/L saline solution.
Results and Discussion
Initially, we optimized the reagent without lipase, using glycerol as the substrate.
The reagent was then further optimized for the determination of triglycerides, which required that lipase and Triton X-100 be included. may be considered negligible, it may be corrected by using a serum blank with a reagent that lacks lipase. This type of blank has proven to be important in our experience in dealing with samples from patients who are undergoing some form of therapy with glycerol. None of the triglyceride concentrations reported here have been corrected for free glycerol, because the method with which they were compared does not include use of such a blank.
The complete triglycerides reagent was optimized to allow measurement over a wide range of concentrations without prior dilution of the sample. We found that the absorbance The ability to measure high triglyceride concentrations without prior dilution of the sample is in part due to the high sensitivity of the indicator reaction and the wavelength of measurement.
The sensitive chromogen system allows small sample volumes to be used, which in combination with measurement at 510 nm largely avoids the problem of turbidity that may result when the triglycerides are hydrolyzed. Methods in which triglycerides are measured by monitoring the change in absorbance at 340 nm may present serious problems from the formation of turbidity, because the effects of light-scattering are more pronounced in the ultraviolet than in the visible region. In addition, more turbidity is produced in these systems because relatively large sample volumes must be used.
To demonstrate this effect, we prepared a reagent to contain only Triton X-100, lipase, GK, ATP, and MgCl2. 
1.c
spectra of the three reaction mixtures, demonstrating that light-scattering is much more severe at 340 nm than at 510 nm. Bucolo and David (4) incorporated bovine serum albumin into their reagent, to bind the released fatty acids, but we find a-cyclodextrin to be much superior for this purpose. The small sample volumes and wavelength of measurement make it unnecessary to incorporate a-cyclodextrmn into the reagent described here, although it can be included if desired.
Bilirubin interacts in the peroxidase-catalyzed reaction by competing for hydrogen peroxide and by contributing color to the final reaction mixture, which results in lower values for the analyte in question (15, 16) . Table 1 shows the effects of bilirubin on results for this triglyceride procedure.
Bilirubin substantially diminishes the apparent triglyceride value by virtue of its interaction in the peroxidase-catalyzed step. Attempts to prevent this interaction by including potassium ferrocyanide (10, 17, 18) or amidopyrine ( We did not find it necessary to use Triton X-100 to prevent cloudiness as others have (14). Table 2 Figure 3) were all linear, with coefficients of correlation ranging from 0.9995 to 0.9999. Moreover, all of the salinedilution curves intersected at zero, and all of the low serum triglyceride dilution curves intersected at the value corresponding to the triglyceride concentration of the low serum. These curves do not prove complete hydrolysis of the triglycerides, but the degree of hydrolysis is at least demonstrably constant. Furthermore, the rise curves for several sera and similar concentrations of glycerol standards were found to reach an equilibria in color production within 13 mm, suggesting again that if hydrolysis is not complete, it is at least constant. Moreover, color production-and therefore presumably lipolytic activity-does reach an equilibrium. Thus the timing of the measurement of the color is not critical.
We compared the present method with the method used in the Abbott VP system, which is essentially the original Supported in part by a grant-in-aid to B2. from the Michigan Heart Association and to J.D.A. from Wayne State University.
